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ABSTRACT: In a traditional paired watershed study, watersheds are selected to be as similar as possible so that
conclusions may be drawn about the performance of Best Management Practices. We have extended the paired
watershed concept to examine the effectiveness of watershed management programs by adding comparative cri-
teria for social characteristics. For four different 8 or 11 ⁄12 digit hydrologic unit code (HUC) watersheds in the
Midwest, we have piloted a systematic method for selecting paired subwatersheds. First, we developed a list of
11 key variables. Next, a factor analysis was conducted to determine the underlying structure of the 11 input
variables. Finally, in each of the four watersheds, potential paired subwatersheds (all 14 digit HUCs) were
selected using the factors in a cluster analysis. Informal interviews were then held with key informants in each
watershed to provide qualitative assessments of criteria that could impact the comparability of the subwater-
sheds. This method for selecting paired watersheds should be helpful for other researchers to test the effective-
ness of watershed management programs focused on behavior change.
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INTRODUCTION
Since Clausen and Spooner (1993) wrote about the
use of paired watersheds to test the effectiveness of
Best Management Practices (BMPs) at reducing non-
point source (NPS) pollution, over one hundred pub-
lished and countless unpublished studies have used
this method. This approach consists of having at least
two different watersheds: one serving as a control
watershed, and one serving as a treatment watershed
where some sort of intervention is applied. Data are
collected in both watersheds at a minimum of two
points in time: a calibration period when everything
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is constant and a treatment period when an inter-
vention is put in place in one of the watersheds.
This basic approach is intended to measure the effec-
tiveness of watershed management programs, includ-
ing education and outreach, technical assistance
efforts, and financial assistance. While some of these
studies have been inconclusive, others have demon-
strated impact or the potential for change to be
shown using this approach (see, e.g., Fiener and
Auerswald, 2003; Dietz et al., 2004; King et al.,
2008). This paper presents a method that we devel-
oped in our work in three Midwestern states to
extend earlier paired watershed work to include mea-
sures of social context. We conclude by discussing the
limitations and applications of such an approach.
Clausen and Spooner (1993) give four basic criteria
for choosing which watersheds to study in a paired
watershed approach. They state that watersheds
should: (1) be similar in size, slope, location, soils, and
land cover, (2) be small enough to obtain uniform treat-
ment over the entire watershed, (3) have a stable chan-
nel and cross section for discharge monitoring, and
should not leak at the outlet, and (4) be in the same
land cover for a number of years prior to the study so
that they are at a steady state. Many of the studies
since Clausen and Spooner have looked at aspects of
the four basic criteria such as size (Burton, 1997; An-
dreassian, 2004; Dietz et al., 2004), slope (Dietz et al.,
2004; Mol and Ouboter, 2004), location (Church, 1999;
Sovell et al., 2000; Andreassian, 2004; Dietz et al.,
2004), soil types (Schilling, 2002), land cover (Meals
and Hopkins, 2002), and stableness of the channel
(Andreassian, 2004) to determine comparability and
similarities among watersheds. Additional criteria
considered have included land use (Sovell et al., 2000;
Andreassian, 2004), precipitation (Spooner et al., 1995,
Schilling, 2002), runoff patterns (Spooner et al., 1995;
Burton, 1997), and similar geomorphic units (Sovell
et al., 2000; Andreassian, 2004).
Some studies have also included social aspects of the
watershed in addition to the biophysical influences to
determine comparability including volunteer activity
(Dietz et al., 2004), potential willingness of landowners
to enroll in conservation design (King et al., 2008), and
fertilizer usage behavior (Schilling, 2002). However,
the extension of the paired watersheds methodology to
study the efficacy of educational interventions in
watershed management is limited. Dietz et al.’s (2004)
study of the effectiveness of an educational interven-
tion in a residential neighborhood in Connecticut is the
only study we are familiar with that used a paired
watershed approach to assess changes in human
behavior due to an intervention. In Dietz et al., both
the treatment and control watershed were in commu-
nities with active volunteer groups; active volunteer
groups was the only social factor used to pair the
watersheds. In the treatment watershed, homeowners
were educated about NPS pollution through seminars.
Based upon baseline and follow-up survey data, they
found no significant changes in behaviors in the treat-
ment watershed. More studies like Dietz et al.’s are
needed to understand what interventions motivate the
adoption of BMPs. It is our hope that an improved
paired watershed design as presented in this paper
will help inform this work and help understand how
local context influences adoption decisions.
This work began as part of an effort to measure
short- and medium-term impacts of state and federal
programs to address NPS water pollution. One way
that accountability can be demonstrated is through
the use of social indicators. Social indicators in this
context are measures of awareness, attitudes, con-
straints, and behaviors of target audiences whose
behavior can increase or reduce NPS pollution. If
watershed management efforts can show that they
are changing social indicators then there is evidence
that these changes will lead to increased adoption of
BMPs over time (Prokopy et al., 2008) and some evi-
dence that adoption of BMPs will lead to improve-
ments in environmental conditions (see e.g., Fiener
and Auerswald, 2003). The Social Indicators Planning
and Evaluation System, currently undergoing pilot
tests in the Great Lakes Region, consists of collecting
baseline data about a target audience and using that
data to inform social outcomes and educational plans
(Prokopy et al., 2009; Genskow and Prokopy, 2010). It
further consists of conducting surveys following
implementation to see if measurable changes in indi-
cator values have occurred. We developed the paired
watershed selection process to determine if using
baseline social indicator data would enable conserva-
tion promoters to develop education and outreach
programs that work better than either: (1) no educa-
tion and outreach or (2) ‘‘business as usual’’ education
and outreach which is not informed by detailed
knowledge about the target audience.
Our work takes place in four watersheds: the
La Moine watershed, an 8-digit HUC in western
Illinois; the Clifty Creek watershed, an 11-digit HUC
in south-central Indiana; the Sandusky River-Tiffin
watershed, a 12-digit HUC in northwestern Ohio;
and the Upper Scioto River watershed, a 12-digit
HUC in central Ohio. Approximately, 60% of the
2,140 square miles in the La Moine River watershed,
92% of the land in the 205-square-mile Clifty Creek
watershed, 84% of the 117-square-mile Sandusky
River-Tiffin watershed, and 72% of the 718 square
miles in the Upper Scioto River watershed is in
agricultural production. The challenge was to select
comparable watersheds to measure the effect of
the targeted educational activities in the study
watersheds.
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METHODS
We developed a list of 11 criteria that we could use
to compare the social and environmental fabric of the
watersheds in question (see Table 1). All of these
data are readily available and the variables used
were generated from spatial data for smaller units of
analysis (e.g., census block groups, a grid size of 30 m
by 30 m) and aggregated at the subwatershed level
using GIS. In the instances where the subwatershed
boundary did not follow the boundary of the variable
of interest such as the census block group geography,
we conducted an area-weighted analysis to divide the
census block group. This division allowed a reason-
able estimation of, for example, total population, the
number of individuals with certain socio-demographic
characteristics, and the number of housing units
recently constructed within each subwatershed.
It quickly became apparent that the 11 measure-
ments were correlated to each other – sometimes
highly correlated (e.g., population density and land
cover development). Therefore, to get independent
parameters for the cluster analysis, we needed to exe-
cute a factor analysis first. A factor analysis uncovers
the underlying, abstract factors present in a set of
measures (Kim and Mueller, 1978; Dunteman, 1989).
We then used Principal Component Analysis with
Varimax rotation to extract factors that were suffi-
ciently independent from one another (Netemeyer
et al., 2003). To create one unified factor structure,
all 111 subwatersheds from the 4 watersheds in the
three states were used. Nine factors which explained
96.5% of the variance were extracted; these nine fac-
tors had Eigenvalues greater than or near 1.00, in
other words suggesting that each factor extracts at
least as much as or close to the equivalent of the ori-
ginal variables.
We then calculated the scores on the nine factors,
using their readings in the 11 measurements and
Anderson-Rubin method, for each of the 111 sub-
watersheds. These factor scores were used in conduct-
ing a cluster analysis for each of the four study
watersheds. In doing so, we were able to see how a
watershed’s subwatersheds statistically clustered
together. We used Ward’s method to combine clusters
and the squared Euclidean distance to measure the
intervals between clusters (Aldenderfer and Blash-
field, 1984). This method minimizes the variance
within each cluster and maximizes the variance
between clusters. This process generated a dendro-
gram for each watershed; the dendrogram from the
Clifty Creek watershed is shown in Figure 1.
In the Clifty Creek watershed, there are 16
14-digit HUCs. On the left-hand side of the dendro-
gram, the case number axis is numbered from 1 to 16
and represents the 14-digit subwatersheds. On the
top of the dendrogram, the distance cluster scale
ranges from 0 to 25. Moving from left to right, the
closer to the origin (0) on the scale that the subwater-
sheds meet, the greater the similarity between the
subwatersheds. For example, 7, 8, 10, 11, and 12
meet at approximately 4 on the scale, showing that
they are quite similar. On the other hand, they do
not meet with any other subwatersheds until about
12, illustrating that beyond those five subwatersheds,
they are not too comparable to the other subwater-
sheds within the Clifty Creek watershed. All 16 sub-
watersheds meet at 25. We selected groupings of
subwatersheds that had similar subwatersheds –
indicated by clustering together as early on the scale
as possible for further comparability analysis. In
other words, none of the subwatersheds in a group
was very similar to the others in that group, but the
groups all together displayed similar physical and
social characteristics.
Following the quantitative selection of subwater-
sheds, we collected additional contextual data from
key informants (such as watershed coordinators,
Soil and Water Conservation District personnel and
TABLE 1. Initial Variables Used to Select Subwatersheds.
Variable Source
Percent population graduated from high school 2000 Census (Block group geography)
Average household income 2000 Census (Block group geography)
Percent new construction post-1990 2000 Census (Block group geography)
Population change 1990-2000 (%) 2000 Census (Block group geography)
Population density in 2000 (persons ⁄ sq km) 2000 Census (Block group geography)
Land cover: percent developed National Land Cover Dataset 2001
Land cover: percent agriculture National Land Cover Dataset 2001
Percentage of area with slope £2% USGS National Elevation Dataset, Digital Elevation Model (DEM)
publication date 1999 (metadata)
Natural stream density [ft ⁄ acre (.122 meters ⁄hectare)] National Hydrography Dataset (NHD) from USGS publication date 1999 (metadata)
Areas of prime farmland (%) SSURGO 2.2 data (Soil Survey Geographic Database) 2006
Areas of not prime farmland (%) SSURGO 2.2 data (Soil Survey Geographic Database) 2006
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Natural Resource Conservation District personnel)
within the watersheds to further allow comparability
of watersheds. In the watersheds we were working
in, none of this contextual information was available
in quantitative form by subwatershed. Instead of try-
ing to construct new data layers, we felt it was suffi-
cient to speak to local experts. The information we
collected included:
• Which subwatersheds were a priority for the
watershed group.
• What was the current level of funding for work in
the subwatersheds.
• Which water quality impairments have been iden-
tified.
• What conservation efforts ⁄BMPs were currently
being used on the ground in the watersheds.
• What conservation ⁄BMPs were the groups
actively promoting.
• What kinds of educational and outreach programs
had the projects tried in the past.
• What barriers to adoption of BMPs were present
in the watershed.
• The amount of tile drainage (qualitative assess-
ment).
• The average cost per acre of agricultural land.
• What kind of unique social features were part of
this watershed (e.g., presence of Amish communi-
ties, prevalence of equestrian operations).
• The approximate number of farmers that live in
each watershed.
In each watershed, we selected groups of subwater-
sheds that: (1) were similar to each other on impor-
tant social and environmental statistics, (2) were
compatible with local watershed plans and capacity
to conduct outreach, and (3) had an adequate number
of agricultural producers living within each water-
shed to aid in having enough social data to actually
be able to measure change after implementing the
education and outreach program. From these group-
ings, we assigned one subwatershed to each of the
three different experimental types (treatment, busi-
ness as usual, control). We tried to assign the treat-
ment subwatersheds based on geographic continuity
wherever possible to allow ease of reaching people
through the outreach activities. Figure 2 shows the
three groupings that were ultimately chosen for the
study in the Clifty Creek watershed based on the quan-
titative and qualitative data gathered.
DISCUSSION
The method outlined above can be modified as nec-
essary to enable unique research needs to be met. In
our case we wanted three different types of subwater-
sheds (treatment, control, business as usual) in each of
our watershed areas and we wanted a sufficient num-
ber of producers in each subwatershed to have a suffi-


















FIGURE 1. Dendrogram Using Ward Method for Clifty Creek Watershed, Indiana.
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significance. Different research studies will likely have
different needs. It is essential, however, for any study
on the impacts of watershed management programs to
consider having treatment and control audiences. In
watershed work, it makes sense to compare these
audiences along watershed boundaries using a paired
watershed methodology. This allows both social and
environmental conditions to be measured over time.
The advantages of this approach are similar to
those outlined by Clausen and Spooner in 1993 for bio-
physical studies and include: (1) external influences
such as broad educational campaigns or fish kills are
statistically controlled, (2) awareness, attitudinal and
behavioral changes can be attributed to a treatment,
(3) having a control watershed eliminates the need to
measure all components causing change, (4) water-
sheds need not be identical, (5) study can be com-
pleted in shorter time frame than trend studies, and
(6) cause-effect relationships can be indicated. Table 2
shows the comparison between the advantages of
using paired watersheds for a social study compared




























FIGURE 2. Final Groupings of Clifty Creek Watershed, Based on Quantitative and Qualitative Analysis.
TABLE 2. Advantages of Paired Watershed Studies.
Biophysical Study
(from Clausen and Spooner, 1993) Social Study
1. Climate and hydrological differences over years are statistically
controlled
1. External influences such as broad educational campaigns or
fish kills are statistically controlled
2. Can attribute water quality changes to a treatment 2. Can attribute awareness, attitudinal and behavioral changes
to a treatment
3. Control watershed eliminates need to measure all components
causing change
3. Control watershed eliminates need to measure all components
causing change
4. Watersheds need not be identical 4. Watersheds need not be identical
5. Study can be completed in shorter time frame than trend studies 5. Study can be completed in shorter time frame than trend studies
6. Cause-effect relationships can be indicated 6. Cause-effect relationships can be indicated
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There are also several disadvantages or limitations
that are unique to using paired watersheds for social
study. First and foremost, it is not possible to ensure
that control subwatersheds do not receive any educa-
tion and outreach or general offers of technical and
program support. In a best-case scenario, all members
of a particular target audience in all subwatersheds
(treatment and control) will receive the same basic lev-
els of support which would then be supplemented in a
treatment subwatershed by the intervention to be
tested. Second, unlike implementing a BMP which one
can guarantee stays in the watershed it’s placed in, it
is not possible to ensure that broader outreach inter-
ventions stay in their intended watershed. For exam-
ple, an especially well-designed brochure or similar
educational material may be passed from farmer to
farmer and cross watershed lines. Similarly, even if
the intended audience for a field day is only farmers in
the treatment subwatershed, it is not possible to pro-
hibit others from attending. Third, much social data
can be difficult to acquire at a watershed scale (e.g.,
census data is available only in blocks which do not
correspond to watershed boundaries). This requires
extensive data manipulation to determine comparabil-
ity of watersheds.
There are many additional ways that our method
could be enhanced. For example, in our case we did
not match subwatersheds based on baseline survey
data although we did check the survey data qualita-
tively to determine there were no large differences
such as awareness levels or use of BMPs between
respondents in the different subwatersheds. Matching
subwatersheds based upon baseline levels of aware-
ness, attitudes, and behaviors would be an excellent
way to demonstrate measurable change.
Finally, the method proposed in this paper has
some methodological contributions that are beneficial
for both social and biophysical studies. The use of fac-
tor and cluster analysis based upon readily available
GIS data enabled an objective selection of paired
watersheds. This method works for large watersheds
which are not typically considered in paired
watershed studies; the purely qualitative approach
often used to pair watersheds may not work for such
large watersheds.
CONCLUSION
To improve the quality of our nation’s waterways,
efforts at changing behaviors that affect watersheds
need to be evaluated more thoroughly. Education and
outreach methods for encouraging adoption of water
quality BMPs have been criticized, in part because of
a lack of scientifically rigorous research and evalua-
tion to demonstrate impact. Many evaluation efforts
rely on post-intervention, self-reports of knowledge,
awareness, and behavior change. Even the excep-
tional evaluation that utilizes pre- and post-interven-
tion measurements cannot account for external
influences on measured changes. The method for
paired watershed selection outlined in this article can
be used to support scientific assessment of educa-
tional and other program management interventions
while allowing researchers or evaluators to draw con-
clusions about causal relationships between interven-
tions and observed changes. To strengthen the
validity of paired watershed studies, it is imperative
that researchers demonstrate comparability of the
paired watersheds. Four primary characteristics have
been suggested for evaluating comparability of paired
watersheds for biophysical studies. We have recom-
mended additional criteria for evaluating comparabil-
ity of paired watersheds for social science research.
Studies that use this approach could test the benefits
of any number of different interventions, such as
local BMP auctions, market-based trading, peer
learning, demonstrations, etc., on different types of
audiences. Finally, the use of this approach will
enable interdisciplinary research that evaluates both
the effectiveness of education on BMP adoption and
BMP adoption on improvements in water quality.
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